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USE OF SIMULATION METHOD FOR SURFACE WATER QUALITY DATA
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ABSTRACT

A simulation model, based on the first-order
Markovian process, was introduced to generate
synthetic monthly data for water quality, namely,
pH, dissolved oxygen, water temperature, and
specific conductance. Monthly means, standard
deviations, and correlation coefficients of the
synthetic and historic data were computed,
respectively, for the purpose of comparison. It is
found that the simulation model is able to
preserve the statistics of means, standard
deviations and correlations of the historic data.
Furthermore, the estimated autocorrelations of
the synthetic data were plotted to compared with
their counterparts of the historic data. The
results show that the autocorrelations of historic
water quality data are preserved by the simulation
model.

1 INTRODUCTION

Simulation is a useful tool that has been used in
many applications for the long term studies.
Particularly in the water resources engineering,
planners use the simulation technique to reduce
the design risk that could have been involved if
the design is based on the available historic data,
which are relatively short compared with the
design life. A good example is the design of a
reservoir to be used for water-supply storage or
flood control. In such case, it is likely that the
length of the historic flow data are shorter than
the proposed economic life of the structure.
Furthermore, it is highly unlikely for the exact
pattern of the records to recur during the life
time of the structure. This leads to the conclusion
that the worst flood (or drought) based on the
records may not be the worst possible flood (or
drought) in the design life of the structure
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(Chang, 1989). Therefore, it is desirable to use
the synthetic data for the analysis. In such
situations, hydrologic simulation may be used for
generating synthetic data that preserve certain
statistics of the historical records.

Furthermore, water resources planners may be
interested to know whether a certain water
resource system will fail to meet quality
standards. For instance, in studying the pattern
of the dissolved oxygen level in a river, the
simulated data can be used for an estimation of
the expected frequency that the dissolved oxygen
fails to meet the standard (Fiering and Jackson,
1981). It is important to emphasize the fact that
simulation is a tool for planning when applied to
the hydrologic data. The statistical methods used
for generating synthetic data do not pretend to
provide casual models for actual flows.
Nevertheless, simulated data are realistic enough
that their applications will improve the water
resources planning process for the purpose of risk
reduction.

One of the basic assumptions behind the
simulation technique is that the synthetic data are
considered to be the results of a random process
that depends somehow on the elements of chance
and probability. It does not assume that the
actual values of the variable studied are to be
predicted. However, what we do expect is that
certain characteristics of the data are to be
preserved. For example, a Markovian model for
a simulation of flow series assumes that high
flows tend to be followed by high flows and low
flows tend to be followed by low flows, which is
expressed by a deterministic term. Hence, a
simulation model can be constructed by including
a deterministic term and a random component to
reflect the uncertainty of the process.

Since historic records of water quality data are
relatively short, it is desirable to obtain their
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synthetic data. Based on the available monthly
records of water quality, a simulation method was
introduced in this study to generate synthetic data
of monthly water quality, namely, pH, dissolved
oxygen, water temperature, and specific
conductance. The simulation model is designed to
preserve certain statistical characteristics of
historic data, namely, mean, standard deviation,
and first-order correlation.

2 SIMULATION MODEL FOR WATER
QUALITY

A first-order Markovian process is introduced in
the following for the purpose of water quality
simulation. Let the sequence {x;} start with the
following form :

g;=d;+e;, (1)

where q; is the i*! value, d, is the i*! deterministic
component and e; is the i"l' random component in
the process, which is assumed to be
independently distributed with a mean of zero
and a constant variance. Furthermore, the
deterministic component, d;, in Equ. 1 can take

the linear autoregressive form as follows:

d;=Bo+B1@i oyt *BuTime  (2)

where B, B, ...... , B, are constants, q;_;, Q;_s,
..... , Q;_, are the proceeding values of q; in Equ.
1. Let m = 1 in Equ. 2, the process assumes that
the current value depends on one immediate
preceding value only. This is reduced to the first
order Markovian model of the form:

q;=Bo+B,q;.,re;, (3)

where B and B, are constants.

For a time series, {q;}, with a mean of u, lag-
one serial correlation coefficient of p and a
variance of o2, the process of the following form
can be used:

q1-=p.+p(ql-_1-p.) te;, (4)

where (e;) are assumed to be normally distributed
with a variance of o%,, which is related to the

variance of time series, 02, by

0?=Elp (g;.,-u) +e;) 12,  (5)

where E denotes the expectation. This results in
a relation between the variance of {q;} and that of
{e;} by the following form:

g .2=a0%(1-p?), (6)

where p is the lag-one serial correlation
coefficient of the time series.

Assuming that (t;} is a sequence of normally
distributed and serially independent random
variables with a mean of zero and a standard
deviation of one, then {e;} can be replaced by t;
by the following relation:

e;=t;ay/(1-p?) (7)

This process was used in this study for the
simulation of monthly water quality by preserving
the mean, variance, and first order correlation
coefficient of the historic data.

3 APPLICATION AND DISCUSSION

Since water quality records are relatively short, it
is desirable to obtain their synthetic data. Data of
monthly water quality, namely, pH, water
temperature, specific conductance, and dissolved
oxygen, were obtained from a stream gaging
station at Hibgy of the Scioto River, a tributary
of the Ohio River. The gaging station has a
drainage area of 13,283 square kilometers and the
record length from 1972 to 1988 was used for the
simulation study.

Though minimum, average, and maximum
values of the water quality studied were available,
it is of interest to investigate the worst scenarios.
Therefore, the following were selected: (1) for
specific conductance, maximum data were used
because the conductivity usually increases with
decreasing water quantity (Fair et al., 1968); (2)
maximum water temperature data were used since
a high water temperature usually leads to more
chemical reactions, to less dissolved oxygen, and
to a deterioration of water quality (Krenkel and
Novotny, 1980); (3) minimum dissolved oxygen
data were used since most regulations and
standards from the environmental agencies
require limitations on the minimum dissolved
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Figure 1. Autocorrelation plot of historic data for monthly
dissolved oxygen at Higby of the Scioto River, Ohio
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Figure 2. Autocorrelation plot of simulated data for monthly
dissolved oxygen at Higby of the Scioto River, Ohio
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oxygen (Tebbutt, 1983); (4) maximum and
minimum pH values were used since both extreme
situations would adversely affect the water
quality (Hammer and Viessman, 1985).

Based on Equ. 7, the simulation model was used
to generate synthetic monthly data of water
quality, ie., pH, dissolved oxygen, water
temperature, and specific conductance. The
simulation model is a first-order Markovian
process, where a simulated value depends on its
proceeding value by the first-order correlation.
In order to preserve the monthly means of
historic data, they were initially removed in the
process as shown in Equ. 7. Furthermore, the
monthly standard deviations and their serial
correlations were separately used for monthly
simulations to preserve the standard deviations
and the serial correlations.

Monthly means, standard deviations, serial
correlation coefficients of the historic and
simulated data were calculated for the purpose of
comparison. Tables 1 and 2 give the monthly
means, standard deviations, and correlation
coefficients for the historic and simulated data
for maximum and minimum pH, respectively.
The results show that the three statistics of the
simulated data are agreeable with those of the
historic data. Tables 3 to 5 provide the statistics
of the historic and simulated monthly data for
maximum specific conductance, maximum water
temperature, and minimum dissolved oxygen,
respectively. Except some variations for the
months of January and February, the simulated
data reasonably preserve the statistical properties
of the historic data.

Furthermore the autocorrelation coefficients of
the historic and simulated data for each water
quality variable are computed and plotted against
time lag, i.e., month, for comparison. Figures I
and 2 are the examples of the autocorrelation
plots for the historic and simulated dissolved
oxygen data, respectively. They show that the
simulation reasonably preserves the
autocorrelation function of the historic data
including the seasonal pattern.

4 CONCLUSIONS

To solve the problem of the short length for the
analysis of water quality that is usually
encountered in a long-term study, a simulation
method was introduced to generate the synthetic
data of water quality. Based on the comparison
results, it is found that the simulation method can

well preserve the mean, standard deviation, and
correlation coefficient of the historic water
quality data.
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